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(54) Salinity measuring apparatus

(57)  Asalinity measuring apparatus to determine sa-
linity of food includes a salinity sensing unit including a
pair of measuring electrodes and a capacitor, a switching
unit to switch a voltage of the capacitor of the salinity
sensing unit, and a control unit to provide a pulse signal
with a constant frequency to the switching unit and to
determine the salinity of the food which is in contact with
the measuring electrodes of the salinity sensing unit

FIG. 3
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based on when the voltage of the capacitor reaches a
reference voltage. By providing the pulse signal with the
constant frequency to the switching unit, it is possible to
minimize the internal impedance variation of the capac-
itor and to more accurately measure the salinity of the
food. Since a period when the voltage of the capacitor is
substantially "0" is present, it is possible to minimize ac-
cumulation of ions in the measuring electrodes.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS
BACKGROUND

1. Field

[0001] Embodiments relate to a salinity measuring ap-
paratus to measure salinity of a solution.

2. Description of the Related Art

[0002] Kimchi is a traditional Korean food produced
through fermentation. The rate of fermentation of Kimchi
varies according to temperature and salinity.

[0003] The rate of fermentation of Kimchi is increased
if temperature is high and salinity is low and is decreased
if temperature is low and salinity is high.

[0004] Accordingly, in order to determine an appropri-
ate Kimchi fermentation period, the internal temperature
of a Kimchi storage chamber and salinity of Kimchi need
to be measured.

[0005] The existing salinity measuring apparatus in-
cludes a salinity sensing unit having a pair of measuring
electrodes and a capacitor, and a switching unit operating
according to an output signal of the salinity sensing unit
so as to switch a voltage supplied to the salinity sensing
unit. Such a salinity measuring apparatus converts the
voltage of the capacitor changed according to salinity
into a frequency using predetermined upper and lower
limit values and measures salinity according to the fre-
quency.

[0006] However, in the existing salinity measuring ap-
paratus, since the frequency is changed whenever sa-
linity is measured, a measurement error may occur due
to aninternal impedance variation of the capacitor. Thus,
it is difficult to accurately measure the salinity of food.
[0007] In addition, in the existing salinity measuring
apparatus, when salinity is consecutively measured, a
DC voltage component is partially supplied to the meas-
uring electrodes, such that, over time, ions are accumu-
lated in the measuring electrodes. Thus, electrical con-
ductivity is lowered with over time. Accordingly, even
when food having the same salinity is measured, since
electrical conductivity is lowered due to ions accumulated
in the measuring electrodes, the measured salinity may
be changed whenever the salinity is measured. In addi-
tion, salinity lower than actual salinity may be measured
and thus reliability of measured data may be reduced.
[0008] In addition, in the existing salinity measuring
apparatus, since an oscillation frequency is increased as
the salinity of the food is increased, switching loss of a
self-oscillating circuit is generated.

SUMMARY

[0009] Therefore, it is an aspect to provide a salinity
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measuring apparatus capable of accurately, reliably and
effectively measuring the salinity of food.

[0010] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the invention.

[0011] In accordance with one aspect, there is provid-
ed a salinity measuring apparatus to determine salinity
of food, the salinity measuring apparatus including: a sa-
linity sensing unit including a pair of measuring elec-
trodes and a capacitor; a switching unitto switch a voltage
of the capacitor of the salinity sensing unit; and a control
unit to provide a pulse signal with a constant frequency
to the switching unit and to determine the salinity of the
food which is in contact with the measuring electrodes
of the salinity sensing unit based on when the voltage of
the capacitor reaches a reference voltage.

[0012] In the salinity sensing unit, the capacitor may
be connected to any one of the measuring electrodes in
series.

[0013] The salinity sensing unit may further include a
resistor connected between the measuring electrodes in
parallel.

[0014] The salinity measuring apparatus may further

include a memory unit to store a salinity value varying
according to when the voltage of the capacitor reaches
the reference voltage.

[0015] The salinity measuring apparatus may further
include a comparison unit to compare the voltage of the
capacitor of the salinity sensing unit with the reference
voltage and to output a high-level signal or a low-level
signal according to the comparison result, and the control
unit may determine when the voltage of the capacitor
reaches the reference voltage based on a variation in
output signal of the comparison unit.

[0016] The salinity measuring apparatus may further
include an AD converter connected to the capacitor so
as to convert an analog voltage signal of the capacitor
into a digital signal, and the time when the voltage of the
capacitor reaches the reference voltage may be deter-
mined according to the digital signal converted by the AD
converter.

[0017] The control unit may control the switching unit
such that the capacitor is discharged when the voltage
of the capacitor reaches the reference voltage.

[0018] The period of the pulse signal may include a
period when the voltage of the capacitor is substantially 0.
[0019] The salinity measuring apparatus may further
include a discharging unit connected to one side of the
capacitor of the salinity sensing unit so as to discharge
the capacitor.

[0020] The operation of the discharging unit may inter-
lock with a discharging operation of the switching unit.
[0021] Inaccordance with another aspect, there is pro-
vided a salinity measuring apparatus including: a salinity
sensing unitincluding a pair of measuring electrodes and
a capacitor; a switching unit to switch a voltage of the
capacitor of the salinity sensing unit; and a control unit
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to provide a pulse signal with a constant frequency to the
switching unit, to determine a duty ratio of the pulse signal
when the voltage of the capacitor reaches the reference
voltage, and to determine salinity of food which is in con-
tact with the measuring electrodes of the salinity sensing
unit according to the determined duty ratio.

[0022] The salinity measuring apparatus may further
include a memory unit to store a salinity value corre-
sponding to the duty ratio.

[0023] The salinity measuring apparatus may further
include a comparison unit to compare the voltage of the
capacitor of the salinity sensing unit with the reference
voltage and to output a high-level signal or a low-level
signal according to the comparison result, and the control
unit may determine a time from when the pulse signal is
output to the switching unit to when the output signal of
the comparison unit is changed, as the duty ratio of the
pulse signal.

[0024] The control unit may control the switching unit
such that the capacitor is discharged when the voltage
of the capacitor reaches the reference voltage.

[0025] The period of the pulse signal may include a
period when the voltage of the capacitoris substantially 0.
[0026] The salinity measuring apparatus may further
include a discharging unit connected to one side of the
capacitor of the salinity sensing unit so as to discharge
the capacitor.

[0027] The operation of the discharging unit may inter-
lock with a discharging operation of the switching unit.
[0028] Inaccordance with another aspect, there is pro-
vided a salinity measuring apparatus including: a salinity
sensing unitincluding a pair of measuring electrodes and
a capacitor; a switching unit switched to charge or dis-
charge the capacitor of the salinity sensing unit; and a
control unit to control the switching unit so as to charge
the capacitor and to control the switching unit so as to
discharge the capacitor when the voltage of the capacitor
reaches a reference voltage.

[0029] The salinity measuring apparatus may further
include a comparison unit to compare the voltage of the
capacitor of the salinity sensing unit with the reference
voltage and to output a high-level signal or a low-level
signal according to the comparison result, and the control
unit may determine whether or not the voltage of the ca-
pacitor reaches the reference voltage based on variation
in an output signal of the comparison unit.

[0030] The period of the pulse signal may include a
period when the voltage of the capacitoris substantially 0.
[0031] Inaccordance with afurther aspect, thereis pro-
vided a salinity measuring apparatus including: a salinity
sensing unitincluding a pair of measuring electrodes and
a capacitor; a switching unit to switch a voltage applied
to the salinity sensing unit; and a control unit to provide
a pulse signal with a constant frequency to the switching
unit, to change a duty ratio of the pulse signal based on
when the voltage of the capacitor reaches a reference
voltage, and to determine salinity of food which is in con-
tact with the measuring electrodes of the salinity sensing
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unit.

[0032] According tothe embodiments, by providing the
pulse signal with the constant frequency to the switching
unit, it is possible to minimize the internal impedance
variation of the capacitor and to more accurately measure
the salinity of the food.

[0033] In addition, according to the embodiments,
since a period when the voltage of the capacitor is sub-
stantially "0" is present, it is possible to minimize accu-
mulation of ions in the measuring electrodes and to reli-
ably measure the salinity of the food.

[0034] According to the embodiments, since the fre-
quency of the pulse signal provided to the switching unit
is only constant, it is possible to reduce the frequency of
the pulse signal, to reduce the switching loss of the
switching unit, and to reduce energy consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in con-
junction with the accompanying drawings of which:

FIG. 1 is a perspective view of a Kimchi refrigerator
to which a salinity measuring apparatus according
to an embodiment is applied;

FIG. 2 is a cross-sectional view taken along line II-
Il of the Kimchi refrigerator shown in FIG. 1;

FIG. 3 is a block diagram of a salinity measuring
apparatus according to an embodiment;

FIG. 4 is adiagram showing a state in which a voltage
is applied to a capacitor through measuring elec-
trodes of a salinity sensing unit shown in FIG. 3 so
as to charge the capacitor;

FIG. 5 is a timing chart illustrating a variation in time
when the voltage of the capacitor reaches a refer-
ence voltage and a variation in duty ratio of a Pulse
Width Modulation (PWM) signal according to a sa-
linity variation, in the salinity measuring apparatus
according to the embodiment;

FIG. 6 is a diagram showing a state in which the
capacitor is discharged through the measuring elec-
trodes of the salinity sensing unit shown in FIG. 3;

FIG. 7 is a timing chart illustrating the voltage of the
capacitor according to an operation of a switching
unitin the salinity measuring apparatus according to
the embodiment;

FIG. 8 is a diagram illustrating a period when the
voltage of the capacitor is substantially 0 when the
capacitoris discharged, in the salinity measuring ap-
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paratus according to the embodiment;

FIG. 9 is a block diagram of a salinity measuring
apparatus according to another embodiment;

FIG. 10 is a block diagram of a salinity measuring
apparatus according to another embodiment;

FIG. 11 is a block diagram of a salinity measuring
apparatus according to another embodiment; and

FIG. 12 is a block diagram of a salinity measuring
apparatus according to another embodiment.

DETAILED DESCRIPTION

[0036] Reference will now be made in detail to the em-
bodiments, examples of which are illustrated in the ac-
companying drawings, wherein like reference numerals
refer to like elements throughout.

[0037] FIG. 1is a perspective view of a Kimchi refrig-
erator to which a salinity measuring apparatus according
to an embodiment is applied. FIG. 2 is a cross-sectional
view taken along line lI-1l of the Kimchi refrigerator shown
in FIG. 1.

[0038] As shown in FIGS. 1 and 2, the Kimchi refrig-
erator, to which the salinity measuring apparatus accord-
ing to the embodiment of the present invention is applied,
includes a main body 10.

[0039] A function selection unit 25 is provided on an
upper side of a front surface of the main body 10.
[0040] A first storage chamber 12 and a second stor-
age chamber 13 are formed in the main body 10.
[0041] Doors 11 to open or close the first storage
chamber 12 and the second storage chamber 13 are
hinge-coupled to an upper side of the main body 10.
[0042] The first storage chamber 12 and the second
storage chamber 13 are separated by a partition.
[0043] Aninsulator to maintain the temperatures of the
first storage chamber 12 and the second storage cham-
ber 13 is filled between outer surfaces of the first storage
chamber 12 and the second storage chamber 13.
[0044] A first evaporator 14 to perform a heat ex-
change operation and a first temperature sensor 16 to
detect a surface temperature of the first evaporator 14 in
order to sense the temperature of the first storage cham-
ber 12 are provided on the outer circumference of the
first storage chamber 12.

[0045] A second evaporator 15 to perform a heat ex-
change operation and a second temperature sensor 17
to detect a surface temperature of the second evaporator
15 in order to sense the temperature of the second stor-
age chamber 13 are provided on the outer circumference
of the second storage chamber 13.

[0046] A machine room 20 including cooling devices
is provided below the first storage chamber 12 and the
second storage chamber 13.

[0047] In the machine room 20, a compressor 21 to
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compress refrigerant, a condenser to condense the re-
frigerant compressed by the compressor 21, and a fan
23 provided on one side of the condenser 22 to force air
to the condenser 22 are provided.

[0048] A storage container 30 to store Kimchi is re-
ceived in each of the first storage chamber 12 and the
second storage chamber 13. In the storage container 30,
a salinity measuring apparatus 40 to measure the salinity
of food stored in the storage container, such as Kimchi,
is mounted. Here, the salinity measuring apparatus 40
is provided inside the storage container 30 such that
measuring electrodes are in contact with the liquid of the
food stored in the storage container 30, thereby meas-
uring salinity.

[0049] The salinity measuring apparatus 40 has a pair
of measuring electrodes spaced apart from each other
with a predetermined gap therebetween. The measuring
electrodes are provided so as to be in contact with the
liquid of the food stored in the storage chamber.

[0050] For example, the salinity measuring apparatus
40 applies a voltage to the pair of measuring electrodes
so as to measure electrical conductivity between the
measuring electrodes and to measure the salinity of the
food based on the electric conductivity. In this case, as
the electric conductivity is increased, the salinity of Kim-
chi is increased and as the electric conductivity is de-
creased, the salinity of Kimchi is decreased.

[0051] The Kimchi refrigerator having the above-de-
scribed configuration sets a fermentation time or a fer-
mentation temperature according to afermentation mode
or aripening step determined by user selection according
to the salinity of the food measured by the salinity meas-
uring apparatus 40. Thus, an appropriate fermentation
period can be determined according to the salinity of Kim-
chi such that the food is fermented to a desired degree
regardless of the salinity of the food.

[0052] Hereinafter, the detailed configuration of the sa-
linity measuring apparatus according to the embodiment
of the present invention will be described.

[0053] FIG. 3is ablock diagram of a salinity measuring
apparatus according to an embodiment.

[0054] As shown in FIG. 3, the salinity measuring ap-
paratus 40 according to the embodiment includes a sa-
linity sensing unit 41, a switching unit 42, a comparison
unit43, a memory unit 44, and a control unit 45 to perform
overall control.

[0055] The salinity sensing unit 41 includes a pair of
measuring electrodes 41a and 41b, a resistor R1 and a
capacitor C 1.

[0056] The pair of measuring electrodes 41 a and 41
b includes the first electrode 41 a and the second elec-
trode 41 b spaced apart from the first electrode 41 with
a predetermined gap therebetween so as not to be in
contact with the first electrode 41 a. The first electrode
41 a and the second electrode 41 b are provided so as
to be in contact with the liquid of the food stored in the
storage chamber.

[0057] The capacitor C1 is connected to the second
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electrode 41 b of the pair of measuring electrodes in se-
ries.

[0058] The first electrode 41 a and the second elec-
trode 41 b are connected to both ends of the resistor R1.
That is, the resistor R1 is connected between the first
electrode 41 a and the second electrode 41 b in parallel.
[0059] The switching unit 42 supplies voltage to the
salinity sensing unit 41 according to a pulse signal (e.g.,
a Pulse Width Modulation (PWM) signal) with a constant
frequency, which is output from the control unit 45, so as
to charge the capacitor C1 or to discharge the capacitor
C1 to a ground side.

[0060] Forexample, the switching unit42 includes two
transistors Q1 and Q2. The two transistors Q1 and Q2
include the first switching element Q1 which is a PNP
transistor and a second switching element Q2 which is
an NPN transistor.

[0061] The base B of the first switching element Q1
and the base B of the second switching element Q2 are
connected to each other.

[0062] The emitter E of the first switching element Q1
is connected to a source voltage Vcc.

[0063] The collector C of the second switching element
Q2 is connected to the collector C of the first switching
element Q1. The emitter E of the second switching ele-
ment Q2 is grounded.

[0064] The resistor R1 and the capacitor C1 are con-
nected in series between the collectors C of the first and
second switching elements Q1 and Q2 and the ground.
[0065] The comparison unit 43 compares the voltage
of the capacitor C1 of the salinity sensing unit 41 with a
predetermined reference voltage Vref and outputs a high-
level signal or a low-level signal to the control unit 45
according to the comparison result. When the control unit
switches the first switching element Q1 of the switching
unit 42 off upon sensing that a signal has changed from
a high level to a low level.

[0066] The comparison unit 43 includes a comparator
having a non-inverting input terminal (+) and an inverting
input terminal (-). The inverting input terminal (-) of the
comparison unit 43 is connected to a connection node
between the second electrode 41 b and the capacitor C1.
The reference voltage Vref is input to the non-inverting
input terminal (+) of the comparison unit 43

[0067] Accordingly, the comparison unit 43 outputs a
low-level signal when the voltage value input to the in-
verting input terminal (-) is higher than the reference volt-
age value Vref input to the non-inverting input terminal
(+). In addition, the comparison unit 43 outputs a high-
level signal when the voltage value input to the inverting
input terminal (-) is lower than the reference voltage value
Vref input to the non-inverting input terminal (+).

[0068] The control unit 45 includes a microcomputer.
The control unit 45 outputs the pulse signal (e.g., the
PWM signal) with the constant frequency to the switching
unit 42 such that an AC voltage is supplied to the salinity
sensing unit 41, and switches the first switching element
Q1 of the switching unit 42 on so as to charge the capac-
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itor C1 of the salinity sensing unit 41. At this time, the
second switching element Q2 is switched off.

[0069] The control unit 45 controls the duty ratio of the
PWM signal output to the switching unit 42 such that the
capacitor C1 of the salinity sensing unit 41 is discharged,
if the signal received from the comparison unit 43 is
changed from the high-level signal to the low-level signal.
[0070] The first switching element Q1 of the switching
unit 42 is switched off and the second switching element
Q2 is switched on such that the capacitor C1 is dis-
charged to the ground side through the second switching
element Q2.

[0071] Meanwhile, the control unit 45 determines the
salinity of the food which is in contact with the measuring
electrodes 41a and 41b of the salinity sensing unit 41
based on a time when the voltage of the capacitor C1
reaches the reference voltage.

[0072] Salinity-time data is stored in the memory unit
44. The time value changed according to the salinity of
the standard food measured by experiments is stored in
the memory unit 44.

[0073] At this time, the time when the voltage of the
capacitor C1 reaches the reference voltage is a time
when the first switching element Q1 is switched on to a
time when the first switching element Q1 is switched off,
which corresponds to the duty ratio of the PWM signal.
Thus, the control unit 45 may determine the salinity of
the food by checking the duty ratio of the PWM signal.
In this case, salinity-duty ratio data is stored in the mem-
ory unit 44.

[0074] FIG. 4 is a diagram showing a state in which a
voltage is applied to a capacitor through the measuring
electrodes of the salinity sensing unit shown in FIG. 3 so
as to charge the capacitor. FIG. 5 is a timing chart illus-
trating a variation in time when the voltage of the capac-
itor reaches a reference voltage according to a salinity
variation and a variation in duty ratio of a Pulse Width
Modulation (PWM) signal, in the salinity measuring ap-
paratus according to the embodiment. FIG. 6 is a diagram
showing a state in which the capacitor is discharged
through the measuring electrodes of the salinity sensing
unit shown in FIG. 3. FIG. 7 is a timing chart illustrating
the voltage of the capacitor according to an operation of
a switching unit in the salinity measuring apparatus ac-
cording to the embodiment.

[0075] AsshowninFIG. 4, the control unit 45 switches
the first switching element Q1 of the switching unit 42 on
and switches the second switching element Q2 off during
an on time period (see a solid line of the PWM signal) of
the PWM signal output to the switching unit 42 (see FIG.
7). Accordingly, current flows in an arrow direction so as
to charge the capacitor C1.

[0076] As shown in FIG. 5, the charging time of the
capacitor C1 is changed according to salinity.

[0077] Accordingly, the time when the voltage of the
capacitor C1 reaches the reference voltage Vref is
changed according to salinity. That is, when salinity is
high, the time when the voltage A (solid arrow) of the
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capacitor C1 reaches the reference voltage Vref is "t1".
In contrast, when salinity is low, since the conductivity
between the measuring electrodes 41 a and 41 b is rel-
atively low, the time when the voltage B (dotted arrow)
of the capacitor C1 reaches the reference voltage Vref
is "t2" greater than "t1".

[0078] Accordingly, the time when the voltage of the
capacitor C1 reaches the reference voltage is changed
according to a salinity variation. That is, as the salinity is
increased, the time when the voltage A of the capacitor
C1 reaches the reference voltage Vref is decreased (t1
<t2).

[0079] By respectively converting the times "t1" and
"t2" required to charge the capacitor up to the reference
voltage Vref into the duty ratios C and D of the pulse
signal output to the switching unit 42, it is possible to
estimate and measure salinity. At this time, since the pe-
riod T of each pulse signal is identical and only the duty
ratio of the pulse signal is changed according to the sa-
linity variation, it is possible to determine salinity based
on the duty ratio.

[0080] AsshowninFIG. 6, the control unit 45 switches
the first switching element Q1 of the switching unit 42 off
and switches the second switching element Q2 on during
an off time period (see a solid line of the PWM signal) of
the PWM signal output to the switching unit 42 (see FIG.
7). Accordingly, current flows in an arrow direction so as
to discharge the capacitor C1.

[0081] FIG. 8 is a diagram illustrating the existence of
a period when the voltage of the capacitor is substantially
0 when the capacitor is discharged, in the salinity meas-
uring apparatus according to the embodiment.

[0082] As shown in FIG. 8, since periods tb-ta and tc-
tb when the voltage of the capacitor C1 is substantially
0 when the capacitor C1 is discharged are present within
one period T, ions accumulated in the measuring elec-
trodes 41 a and 41 b are discharged and the ions accu-
mulated in the measuring electrodes 41 a and 41 b are
minimized.

[0083] FIG.9isablock diagram of a salinity measuring
apparatus according to another embodiment.

[0084] As shown in FIG. 9, the salinity measuring ap-
paratus according to another embodiment may include
a discharging unit 46 to effectively discharge the capac-
itor C1 of the salinity sensing unit 41.

[0085] The discharging unit 46 is provided between
the salinity sensing unit 41 and the switching unit 42.
[0086] Thedischargingunit46 includes afreewheeling
diode D3 and a third switching element Q3. The collector
C of the third switching element Q3 is connected to one
side of the capacitor C1 of the salinity sensing unit 41
and the emitter thereof is connected to the ground side.
In addition, the bases B of the third switching element
Q3 and the second switching element Q2 are connected
to each other such that the operation of the third switching
element Q3 interlocks with the operation of the second
switching element Q2.

[0087] Accordingly, since the third switching element
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Q3 of the discharging unit 46 is switched on when the
second switching element Q2 of the switching unit 42 is
switched on, it is possible to rapidly and completely dis-
charge the capacitor C1.

[0088] Due to the fast capacitor discharge, the periods
tb-ta and tc-tb when the voltage of the capacitor is sub-
stantially 0 may be increased and more easily secured.
Thus, itis possible to further reduce ions accumulated in
the measuring electrodes 41 a and 41 b.

[0089] FIG. 10 is a block diagram of a salinity meas-
uring apparatus according to another embodiment.
[0090] In the salinity measuring apparatus shown in
FIG. 10, one switching element is used instead of the two
switching elements in the switching unit 42 of the salinity
measuring apparatus shown in FIG. 3.

[0091] AsshowninFIG. 10, the salinity measuring ap-
paratus according to another embodiment includes a sa-
linity sensing unit 41, a switching unit 42 including one
switching element Q1, a comparison unit 43, a memory
unit 44 and a control unit 45 to perform overall control.
[0092] The salinity sensing unit41 includes afirst elec-
trode 41 a and a second electrode 41 b spaced apart
from the first electrode 41 a with a predetermined gap
therebetween so as not to be in contact with the first
electrode 41 a, and includes the pair of measuring elec-
trodes 41 a and 41 b provided to be in contact with the
liquid of the food stored in the storage chamber, the re-
sistor R1 and the capacitor C1 connected to the second
electrode 41 b of the measuring electrodes 41 a and 41
b in series.

[0093] The switching unit 42 supplies a voltage to the
salinity sensing unit 41 according to a PWM signal with
a constant frequency, which is output from the control
unit 45, so as to charge the capacitor C1 or to discharge
the capacitor C1 to a ground side. For example, the
switching unit 42 includes one transistor Q1. The tran-
sistor is an NPN transistor Q1.

[0094] If the switching element Q1 is switched off, the
voltage is supplied to the salinity sensing unit 41 so as
to charge the capacitor C1. In contrast, if the switching
element Q1 is switched on, the capacitor C1 of the salinity
sensing unit 41 is discharged.

[0095] The comparison unit 43 compares the voltage
of the capacitor C1 of the salinity sensing unit 41 with a
predetermined reference voltage Vref and outputs a high-
level signal or a low-level signal to the control unit 45
according to the comparison result. For example, the
comparison unit 43 outputs a high-level signal if the input
voltage value is less than the reference voltage Vref and
outputs a low-level signal if the input voltage value is
higher than the reference voltage Vref.

[0096] The control unit 45 outputs the pulse signal
(PWM signal) with the constant frequency to the switch-
ing unit 42 such that an AC voltage is supplied to the
salinity sensing unit 41 and switches the switching ele-
ment Q1 of the switching unit 42 off. Then, the capacitor
C1 of the salinity sensing unit 41 is charged.

[0097] When the signal received from the comparison
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unit 42 is changed from the low-level signal to the high-
level signal, the control unit 45 controls the PWM signal
output to the switching unit 42 such that the capacitor C1
of the salinity sensing unit 41 is discharged and switches
the switching element Q1 of the switching unit 41 on.
Then, the capacitor C1 of the salinity sensing unit 41 is
discharged.

[0098] Meanwhile, the control unit 45 determines the
salinity of the food which is in contact with the measuring
electrodes 41a and 41b of the salinity sensing unit 41
based on when the voltage of the capacitor C1 reaches
the reference voltage.

[0099] Salinity-time data is stored in the memory unit
44. The time values changed according to the salinity of
the standard food measured by experiments are stored
in the memory unit 44.

[0100] At this time, the time when the voltage of the
capacitor C1 reaches the reference voltage is a time
when the first switching element Q1 is switched off to a
time when the first switching element Q1 is switched on,
which corresponds to the duty ratio of the PWM signal.
Thus, the control unit 45 may determine the salinity of
the food by checking the duty ratio of the PWM signal.
In this case, salinity-duty ratio data is stored in the mem-
ory unit 44.

[0101] FIG. 11 is a block diagram of a salinity meas-
uring apparatus according to another embodiment.
[0102] In the salinity measuring apparatus shown in
FIG. 11, the function of the comparison unit 43 of the
salinity measuring apparatus shown in FIG. 9 is incorpo-
rated into the control unit 45.

[0103] AsshowninFIG. 11, the salinity measuring ap-
paratus according to another embodiment includes a sa-
linity sensing unit 41, a switching unit 42 including one
switching element Q1, a memory unit 44 and a control
unit 45 including a comparison unit 43.

[0104] The salinity sensing unit 41 includes a first elec-
trode 41 a and a second electrode 41 b spaced apart
from the first electrode 41 a with a predetermined gap
therebetween so as not to be in contact with the first
electrode 41 a, and includes the pair of measuring elec-
trodes 41 a and 41 b provided to be in contact with the
liquid of the food stored in the storage chamber, the re-
sistor R1 and the capacitor C1 connected to the second
electrode 41 b of the measuring electrodes 41 a and 41
b in series.

[0105] The switching unit 42 supplies a voltage to the
salinity sensing unit 41 according to a PWM signal with
a constant frequency, which is output from the control
unit 45, so as to charge the capacitor C1 or to discharge
the capacitor C1 to a ground side. For example, the
switching unit 42 includes one transistor Q1. The tran-
sistor is an NPN transistor Q1.

[0106] If the switching element Q1 is switched off, the
voltage is supplied to the salinity sensing unit 41 so as
to charge the capacitor C1. In contrast, if the switching
element Q1 is switched on, the capacitor C1 of the salinity
sensing unit 41 is discharged.
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[0107] The control unit 45 outputs the pulse signal
(e.g., PWM signal) with the constant frequency to the
switching unit 42 such that an AC voltage is supplied to
the salinity sensing unit 41 and switches the switching
element Q1 of the switching unit 42 off. Then, the capac-
itor C1 of the salinity sensing unit 41 is charged.

[0108] In addition, the control unit 45 determines
whether the voltage of the capacitor C1 of the salinity
sensing unit 41 is higher or lower than the reference volt-
age Vref, from the output signal of the comparison unit
43. At this time, when the output signal of the comparison
unit 43 is changed from the high-level signal to the low-
level signal, the control unit 45 determines that the volt-
age of the capacitor C1 reaches the reference voltage
Vref.

[0109] In addition, the control unit 45 determines the
salinity of the food which is in contact with the measuring
electrodes 41 a and 41 b of the salinity sensing unit 41
based on a time when the voltage of the capacitor C1
reaches the reference voltage.

[0110] At this time, the time when the voltage of the
capacitor C1 reaches the reference voltage is a time
when the first switching element Q1 is switched off to a
time when the first switching element Q1 is switched on,
which corresponds to the duty ratio of the PWM signal.
Thus, the control unit 45 may determine the salinity of
the food by checking the duty ratio of the PWM signal.
In this case, salinity-duty ratio data is stored in the mem-
ory unit 44.

[0111] FIG. 12 is a block diagram of a salinity meas-
uring apparatus according to another embodiment.
[0112] As shown in FIG. 12, in the salinity measuring
apparatus according to another embodiment, the control
unit 45 includes an AD converter 47 to convert an analog
signal into a digital signal, instead of the comparison unit
43.

[0113] AsshowninFIG. 12, the salinity measuring ap-
paratus according to another embodiment of the present
invention includes a salinity sensing unit 41, a switching
unit 42, a memory unit 44, an AD converter 47, and a
control unit 45 to perform overall control.

[0114] The control unit 45 may include the AD convert-
er47.
[0115] The AD converter 47 is connected to the capac-

itor C1 of the salinity sensing unit 41 so as to convert the
analog voltage signal of the capacitor C1 into a digital
signal and to output the digital signal to the control unit45.
[0116] The control unit 45 recognizes the voltage of
the capacitor C1 from the digital signal input through the
AD converter 47 and counts the time when the recog-
nized capacitor voltage reaches the reference voltage
Vref so as to determine the time when the voltage of the
capacitor reaches the reference voltage Vref.

[0117] As described above, the control unit 45 deter-
mines the salinity of the food which is in contact with the
measuring electrodes 41aand 41 b of the salinity sensing
unit 41 based on the time when the voltage of the capac-
itor C1 reaches the reference voltage.
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[0118] At this time, the time when the voltage of the
capacitor C1 reaches the reference voltage corresponds
to a time when the first switching element Q1 is switched
off to a time when the first switching element Q1 is
switched on, which corresponds to the duty ratio of the
PWM signal. Thus, the control unit 45 may determine the
salinity of the food by checking the duty ratio of the PWM
signal. In this case, salinity-duty ratio data is stored in
the memory unit 44.

[0119] Although afew embodiments have been shown
and described, it would be appreciated by those skilled
in the art that changes may be made in these embodi-
ments without departing from the principles and spirit of
the invention, the scope of which is defined in the claims
and their equivalents.

Claims

1. A salinity measuring apparatus to determine salinity
of food, the salinity measuring apparatus compris-

ing:

a salinity sensing unit including a pair of meas-
uring electrodes and a capacitor;

a switching unit to switch a voltage of the capac-
itor of the salinity sensing unit; and

a control unit to provide a pulse signal with a
constant frequency to the switching unit and to
determine the salinity of the food which is in con-
tact with the measuring electrodes of the salinity
sensing unit based on a time when the voltage
of the capacitor reaches a reference voltage.

2. The salinity measuring apparatus according to claim
1, wherein, in the salinity sensing unit, the capacitor
is connected to any one of the measuring electrodes
in series.

3. The salinity measuring apparatus according to claim
1, wherein the salinity sensing unit further includes
a resistor connected between the measuring elec-
trodes in parallel.

4. The salinity measuring apparatus according to claim
1, further comprising a memory unit to store a salinity
value changed according to a time when the voltage
of the capacitor reaches the reference voltage.

5. The salinity measuring apparatus according to claim
1, further comprising a comparison unit to compare
the voltage of the capacitor of the salinity sensing
unit with the reference voltage and to output a high-
level signal or a low-level signal according to the
comparison result,
wherein the control unit determines a time when the
voltage of the capacitor reaches the reference volt-
age based on a variation in output signal of the com-
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10.

parison unit.

The salinity measuring apparatus according to claim
1, further comprising an AD converter connected to
the capacitor so as to convert an analog voltage sig-
nal of the capacitor into a digital signal,

wherein the time when the voltage of the capacitor
reaches the reference voltage is determined accord-
ing to the digital signal converted by the AD convert-
er.

The salinity measuring apparatus according to claim
5 or 6, wherein the control unit controls the switching
unit such that the capacitor is discharged when the
voltage of the capacitor reaches the reference volt-
age.

The salinity measuring apparatus according to claim
1, wherein the period of the pulse signal a period
when the voltage of the capacitor is substantially 0.

The salinity measuring apparatus according to claim
8, further comprising a discharging unit connected
to one side of the capacitor of the salinity sensing
unit so as to discharge the capacitor.

The salinity measuring apparatus according to claim
9, wherein the operation of the discharging unit in-
terlocks with a discharging operation of the switching
unit.
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